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CROSSOVER PHENOMENON IN SLOW PARTICLE GROWTH ON A SUBSTRATE 
Michio Tokuyama 
Tohwa Ins t i tu te  for  Sc ience ,  Tohwa Un ivers i ty ,  Fukuoka 815, Japan 
Yosh ih isa  Enomoto 
Department of Phys ics ,  Nagoya Un ivers i ty ,  Nagoya 464, Japan 
A new v iewpo int  on the k inet i cs  of e lec t rochemica l  nuc leat ion  
is  p resented  by s tudy ing  d i f fus ive  long- range  in teract ions  among 
hemispher ica l  nuc le i  on a subst ra te  in two theoret i ca l  aspects .  
The f i r s t  is  to s tudy the causa l  mot ion which is  descr ibed  by 
the s ing le  nuc leus  d i s t r ibut ion  funct ion  f (R , t )  with rad ius  R. The 
d i s t r ibut ion  f (R , t )  is  shown to obey the fo l low ing  Fokker -P lanck  
type k inet i c  equat ion  in the d imens ion less  form: 1 
O t f(R't) = ~ ( ~  ~R ~{-1 + ~ 8 [ 1 + ~ 1~ ]}f(R,t) 
with the screening term 
1 1 as ( t -  , / z  , 
( t )  = 2 ~ 0 
and the  area  f rac t ion  of  the  hemi -  
spher ica l  nuc le i  
(t) = (20/R) ' /2<R>(t )z ,  (3) 
where Q is a volume f ract ion  of the 
o 
nuc le i ,  and the brackets  denote the 
average over f (R , t ) .  Here a and B 
are the parameters  to be determined 
se l f - cons is tent ly  by Eq . (1 ) .  Then, 
the funct ion  f (R , t )  is  sca led  as 
~ <R) (t) /<R> (O) ~ = 
~ o i 
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f(R,t) = [n/<R>]F(R/<R>,t), 
where n denotes the constant 
number dens i ty .  The re la t ive  
nuc leus  s i ze  d i s t r ibut ion  
funct ion  F is exper imenta l ly  
observab le  by an e lec t ron  
microscope.  
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though they are small as compared to the 
causal motion, they are still important 
since they are observable as a structure 
function Sk(t) by scattering experiments. 
Sk(t) is shown to obey a linear equation 
with two types of source terms which 
originates from initial thermal fluctu- 
ations and non-thermal fluctuations. In 
Fig.3 we show the time evolution of Sk(t). 
There are two kinds of many-body effects on diffusion- 
controlled nucleus growth on a substrate. The static (screening) 
effect of order O ~ which is given by the first term of Eq.(l), 
causes the crossover of the exponent for <R>; 
<R> ~ t I/z fo r  t(l, <R> ~ t I / s  fo r  t)]. (4) 
The dynamic (correlation) effbct of order O x/z, which is given by 
the second term of Eq.(]), gives rise to a dispersion in the size of 
the nuclei (see Fig. l) and causes appreciable corrections to the 
amplitude for <R> (see Fig.2). z ~%=]0 
The second is to explore the fluctu- ~ ~ 
ations around the causal motion. There are ~ Sk(t) 
two types of fluctuations; initial thermal 
fluctuations and non-thermal fluctuations 
generated by the correlation effect. AI- / kk~Q=O.01  
m 
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Fig.3 Sk(t) VS k 
S,(t) is scaled by two kinds of characteristic lengths, <R> and the 
screening length ~ , as Sk(t)~ <R>SS(k<R>,k~ ,t), where <R>/~ ~ 
0 I/2. The peak position km<R> of the scaled function S(k<R>) is then 
found to have a crossover, corresponding to that of <R>; 
k~<R> "~ t I/z for t(1, k~<R> --~ t Z/s for t)], (5) 
which leads to km~t ~ The correlation effect also causes appreciable 
corrections to its amplitude (see Fi 
In summary we stress the 
importance of the correlation 
effect on the growth of hemi- 1 
spherical nuclei on a substrate, 
which has been studied by none 
of authors. More experimental 
studies on this subject may be 
encouraged. 
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